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Abstract
Based on general considerations, the Standard Model of particle physics with its
extensions (SM) can be ruled out as a valid theory of fundamental forces: it requires
far too many parameters, which are not determined from first principles. The only
way to uncover the real structure of elementary forces is to resort to a complete and
fundamental theory without external parameters.
This requirement is fulfilled in a finite theory, based on an extension of the QED
Lagrangian by boson-boson coupling, with massless elementary fields, charged and
neutral elementary fermions (quantons) and gauge bosons. In this description the
observed bound states of nature, hadrons, leptons, atoms and gravitational objects
are understood as stationary systems of quantons bound by electric or magnetic
forces. Other fields do not exist.
PACS/ keywords: 11.15.-q, 12.10.-g/ Description of elementary forces in a com-
plete (fundamental) theory, based on a Lagrangian with Maxwell term, boson-boson
coupling and massless elementary fermions (quantons). Bound states of nature de-
scribed by systems bound by electric or magnetic forces.
The study of the fundamental forces of nature allows to gain insight into the early de-
velopment of the universe. But this requires a close theoretical description, in which
all model assumptions can be varified and the needed parameters are derived from first
principles. Up to now the Standard Model of particle physics [1] (SM), established about
40 years ago, represents the state of our knowledge. It is a heuristic model constructed
from relativistic first order quantum field theories, different for each fundamental force
(gravitation is not included in the SM, since a quantum theory of gravity is not well estab-
lished), with a number of fields of different symmetry. Further, the understanding of the
masses of elementary fermions requires background (Higgs) fields, but for neutrino masses
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in addition the postulation of heavy Majorana neutrinos is needed. The flavour degree of
freedom observed in hadrons and leptons is understood in supersymmetric extensions of
the SM. In particular, the minimal supersymmetric SM (MSSM) has been favoured, since
it allows to understand the hierarchy problem between the weak and gravitational forces.
Further, in this model the running couplings of the electric, weak and strong forces meet
on the grand unification scale ΛGUT = 10
16 GeV. However, in the MSSM supersymmet-
ric particles have been predicted in the few hundred GeV region, which have not been
found experimentally. These negative results cast serious doubts on the validy of the SM
including its proposed extensions. Since it is not very probable that other grand unified
theories can resolve these problems, it is time to examine what model assumptions may
be unrealistic or even wrong.
A serious point of critics of the SM is that very different theories are assumed for each
fundamental interaction. This gives rise to a large complexity1 in the weak and strong
interaction sectors with fields of different symmetry, 12 elementary fermions and quite a
few massless but also massive gauge bosons. The consequence of this construction is that
a large number of parameters have to be adjusted (the masses of elementary particles,
mixing parameters, couplings between fields, etc.). An understanding of most of these
parameters (those, which cannot be determined from first principles) requires further
theoretical explanations2 with still other parameters, which again have to be understood.
This leads to an endless chain of related parameters without clearly defined solution,
proving that the assumptions in the SM are erroneous or unrealistic.
Examples of such parameters are mass and flavour of elementary particles. Their expla-
nation requires additional background (Higgs) and supersymmetric fields. The couplings
of the Higgs-fields to massless fermions have to be considered as additional parameters,
which could be understood only by a further theory with additional rather uncertain pa-
rameters. Even worse, supersymmetry gives rise to many combinations of fermion and
boson fields with mixing parameters of large uncertainties, which cannot be resolved from
first principles. This indicates clearly that these explications cannot be correct, but also
that a realistic theory should have a much simpler structure with very few parameters.
1It should have been questioned, whether nature is not more economic and efficient to organise the
creation of hadrons and leptons – the constituents of matter – in a much simpler way.
2SM parameters should not just be adjusted to experimental data, they have to be understood!
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The only way to avoid the above problems is to resort to a complete and fundamental
theory, in which all parameters are determined from first principles. Such a theory should
have only a minimum of fields and thus significantly less degrees of freedom than the SM.
Also in such a theory relativistic bound states have to be described explicitely.
If we inspect the structure of the SM, even quantum electrodynamics (QED), the best
established part of the SM, cannot be regarded as a closed and fundamental theory,
since the coupling constant αQED ∼1/137 is an external parameter determined from
experiment. However, the precise prediction of spin properties suggests that QED is close
to a fundamental theory. Only the divergencies for r → 0 and ∞ appear to be in conflict
with nature, which is known to develop in a smooth and finite way. Because of this, a
complete and fundamental theory is expected to be similar to QED, but with a structure
more complex than a first order gauge theory.
During the last years a theoretical framework has been developed [2, 3, 4], based on
a second order extension of QED, which shows all features expected of a fundamental
theory: all needed parameters can be determined by self-consistency conditions, thus
showing completeness. With massless elementary bosons and fermions (quantons) this
model shows a coupling to the vacuum with average energy Evac = 0. As a crucial test,
by applying this model to the binding of light atoms [4], the self-consistently deduced
coupling constant α was found to be consistent with αQED. This is needed, since the
Coulomb potential3 yields eigenvalues in agreement with the experimental spectrum.
It has to be noted that in the past many different Lagrangians have been studied, with
the general conclusion that higher order theories should be discarded, because they could
lead to unphysical solutions [5]. However, the important difference to the higher order
theories discussed in ref. [5] is that in the present formalism the Lagrangian is gauge
invariant and non-physical solutions can be eliminated by strict geometric, mass-radius
and energy-momentum relations. Further, only in a second order formalism relativistic
bound states can be generated, which are stable, see the discussion below.
The Lagrangian has been used in the form
L =
1
m˜2
Ψ¯ iγµD
µDνD
νΨ −
1
4
FµνF
µν , (1)
3The Coulomb potential has to be considered as effective potential, since the restoring force is taken
over by the potential itself.
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where m˜ is a mass parameter and Ψ a two-component massless fermion field (with charge
and neutral part), Ψ = (Ψ+,Ψo) and Ψ¯ = (Ψ−, Ψ¯o). Vector boson fields Aµ with coupling
g to fermions are contained in the covariant derivatives Dµ = ∂µ− igAµ. The second term
of the Lagrangian represents the Maxwell term with Abelian field strength tensors F µν
given by F µν = ∂µAν − ∂νAµ, which gives rise to both electric and magnetic effects.
By inserting Dµ = ∂µ − igAµ and DνD
ν = ∂ν∂
ν − ig(Aν∂
ν + ∂νA
ν)− g2AνA
ν in eq. (1),
the first term of L gives rise to a number of different terms, which contain boson and
fermion fields and/or their derivatives, see ref. [3]. All terms, which contain the derivative
of the fermion field ∂νΨ, are related to a rather complex dynamics of the system. For
stationary solutions only two terms of the Lagrangian contribute
L2g =
−ig2
m˜2
Ψ¯γµ[A
µ∂νA
ν ] Ψ (2)
and
L3g =
−g3
m˜2
Ψ¯γµ[A
µAνA
ν ] Ψ . (3)
The gauge condition ∂µA
µ = 0 used for first order Lagrangians is replaced in the present
case by ∂(∂νA
ν) = 0.
From the Lagrangians (2) and (3) fermion matrix elements have been evaluated. This
has been found to be a reliable method to generate bound state potentials, see refs. [3, 4].
Using α = g2/4pi and fermion wave functions ψ(p) = 1
m˜3/2
Ψ(pi)Ψ(k), matrix elements are
obtained of the form
M2g =
α2
m˜8
ψ¯(p′)γµA
µ(q) (∂νA
ν(q))(∂σA
σ(q)) γρA
ρ(q)ψ(p) (4)
and
M3g =
−α3
m˜8
ψ¯(p′)γµA
µ(q) Aν(q)A
ν(q) Aσ(q)A
σ(q) γρA
ρ(q)ψ(p) , (5)
Theses matrix elements have a structure more complex than obtained in a first order
theory [6]. But this is necessary to describe relativistic bound states in a fundamental
approach: only by interactions between fermions a stable system cannot be generated;
the additional boson fields on the right and left of M2g and M3g have to provide the
restoring force needed to stabilise the system.
From these matrix elements bound state potentials can be deduced. Following the deriva-
tions in refs. [3, 4] M2g andM3g can be simplified, using (analogue to the fermion wave
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functions) normalised boson (quasi) wave functions W νµ (q) =
1
m˜
Aµ(q)A
ν(q) and a boson-
exchange interaction V νµ (q) = W
ν
µ (q) (µ 6= ν). Further, by an equal time requirement
the fermion and boson vectors can be reduced by one dimension, yielding boson wave
functions4 of scalar and vector structure ws(q) and wv(q) and an interaction potential
vv(q) = wv(q). Going to r-space the fermion matrix elements (4) and (5) can be written
by
Mf2g = ψ¯(r) V2g(r) ψ(r) (6)
and
Mf3g = ψ¯(r) V
s,v
3g (r) ψ(r) , (7)
where the bosonic potentials V2g(r) and V
s,v
3g (r) are given by
V2g(r) =
α2(h¯c)2F2g
4m˜
(d2ws(r)
dr2
+
2
r
dws(r)
dr
) 1
ws(r)
+ Eo (8)
and
V s,v3g (r) = −
α3h¯c
m˜
∫
dr′ ws,v(r
′) vv(r − r
′) ws,v(r
′) . (9)
The factor F2g in eq. (8) is due to the Fourier transformation of the boson kinetic energy
and Eo the energy of the lowest eigenstate. A connection to the vacuum is made by
assuming Eo = Evac = 0. V2g(r) shows a quite linear rise towards larger radii, leading to
confinement of the system; therefore it can be identified with the confinement potential
required in hadron potential models [7]. The potential V s,v3g (r) can be considered as boson
matrix element, in which the wave functions ws,v(r) are bound in the potential vv(r).
From the structure of the fermion matrix element in eqs. (7) and (9) one can see that there
are two qq¯ states (with quantum numbers Jpi = 1−) with scalar and vector boson wave
functions ws,v(r) and corresponding fermion wave functions ψs,v(r) ∼ ws,v(r). Further,
there are two qq¯ p-states (with quantum numbers Jpi = 0+) with similar wave functions,
see ref. [4, 8].
The fermion wave functions have to be orthogonal, leading to the constraint
∫
r2dr ψs(r)ψv(r) =
∫
r2dr ws(r)wv(r) =< rws,wv >= 0 . (10)
To satisfy this condition, wv(r) can be written in the form of a p-wave function
wv(r) = wv,o [ws(r) + βR
dws(r)
dr
] , (11)
4with dimension [GeV ].
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where wv,o is obtained from the normalisation 2pi
∫
rdr w2v(r) = 1 and βR determined by
βR = −
∫
r2dr ws(r)/
∫
r2dr [dws(r)/dr]. Interestingly, orthogonality gives rise to another
quite natural condition for the deepest bound state, requiring that the interaction takes
place inside the bound state volume of w2s(r). This leads to
|V v3g(r)| ∼ c w
2
s(r) . (12)
The conditions (10)-(12) lead to a boson wave function ws(r) of the form
ws(r) = ws,o exp{−(r/b)
κ} , (13)
where ws,o is fixed by the normalisation 2pi
∫
rdr w2s(r) = 1. The parameters b and κ have
to be determined by boundary conditions as discussed below. Different flavour states are
obtained by solutions with different slope parameter b, which are constrained by a vacuum
potential sum rule, see e.g. ref. [4]. The interaction vv(r) is given by vv(r) = h¯c wv(r).
Binding energies have been calculated within the Hamiltonian formalism by using the
virial theorem in the form 4pi[
∫
r2dr ψ2(r)Vng(r) −
1
2
∫
r3dr ψ2(r) d
dr
Vng(r)] = E
ng
f , where
ψ(r) are fermion wave functions with a form similar to the boson wave functions in
eqs. (11) and (13). In addition, V s3g(r) can be interpreted as bound state of bosons. Its
binding energy Eg has been calculated by the corresponding form 2pi[
∫
rdr w2s(r)vv(r)−
1
2
∫
r2dr w2s(r)
d
dr
vv(r)] = Eg. For massless fermions the mass of the system M
s,v is given
by the absolute binding energies in V2g(r) and V
s,v
3g (r), yieldingM
s,v = −E3gfs,v+E
2g
f , while
the reduced mass is given by m˜ =Ms/2.
In order to make a detailed evaluation of the potentials other constraints are needed,
which connect the coupling constant α to the shape parameters κ and b and the mass of
the system. If the mass is adjusted to that known experimentally, only two conditions
are needed for a complete determination of all parameters. This has been done in most
cases. However, by applying in addition a vacuum potential sum rule, also the masses of
different solutions are constrained, thus leading to a fully complete description.
The first condition is energy-momentum conservation, important for relativistic bound
states. For (qq¯) as well as (p e−) and (e+e−) systems bound by electric interactions, the
negative fermion and boson binding energies Esf and Eg have to be compensated by their
root mean square momenta < q2v >=
∫
dq q3 v(q)/
∫
dq q v(q) in the potentials V3g(r) and
6
vv(r), respectively
< q2V3g > + < q
2
vv
>= (Esf + Eg)
2 . (14)
For more complex (qq¯)n and (qq¯)nq systems somewhat different energy-momentum rela-
tions are needed. Of particular interest are (qq¯)nq states with opposite fermion momenta
∑
i < q
2
ψi
>= 0. In this case the motion of fermions give rise to magnetic interactions
and thus to magnetic binding. This leads to leptonic bound states [9] with an energy-
momentum relation of the form
< q2vv > (v/c)
2 = (Esf + Eg)
2 , (15)
where (v/c)2 is the relative motion of fermions, (v/c)2 < 6 10−19 for leptons, see ref. [9].
A mass-radius condition can be derived from the confinement potential (8), see ref. [3],
which leads to
Ratconf =
(h¯c)2
m˜2 < r2ws >
= 1 . (16)
For magnetic binding eq. (16) is multiplied by a factor of (v/c)2. In this case p-wave
states are not stable, leading only to one lepton bound state (for each flavour system).
The last ambiguity between α, κ, b and the mass of the bound state can be removed by
a vacuum potential sum rule. Here a vacuum potential vvac(q) is assumed, which should
be equal to the sum of all individual interactions viv(q). This is expected to have a simple
form ∼ 1/qn with a cut-off function fcut(q) to make vvac(q) finite. This leads to
vvac(q) = fcut(q) 1/q
n =
∑
i
viv(q) (17)
and allows to determine vvac(q) by the sum of all individual bound state solutions. In
turn, vvac(q) can be used to check the mass assumptions of the individual bound states.
Further, hypothetical ground state wave functions can be defined, which allows to check
the consistency of this approach. For atomic states this procedure yields very consistent
results, see ref. [4].
The general structure of the bound state solutions is shown in fig. 1. In the upper part
the radial dependence of the interaction vv(r) is compared to the 1/r dependence of the
Coulomb potential. In the middle part the radial dependence of boson density w2s(r)
and potentials V s,v3g (r) is shown, which indicates that relation (12) is well fulfilled. In
the lower part the confinement potential V2g(r) is given, which has the typical linearly
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increasing behaviour for larger radii, as needed in empirical hadron structure models [7].
The same behaviour of boson densities and potentials has been found for all systems
studied, therefore the horizontal and vertical scales are given only in relative units.
Of large importance, by using boundary conditions for electric and magnetic binding,
systems of very different radii are obtained. Whereas for hadrons (bound electrically)
root mean square radii between 4 10−3 and 0.5 fm have been extracted [3, 8], for leptons
(bound magnetically) root mean square radii smaller than 10−8 fm have been found [9].
This indicates that the decay of hadrons to leptons is very weak, as found experimentally.
The decay width of the systems in question is related to the dynamical structure of the
potentials, given by kinetic energy distributions T2g(q) and T3g(q). T2g(q) is given by the
Fourier transformed potential V2g(r), whereas T3g(q) is given by the Fourier transformed
kinetic energy T3g(r) given by
T3g(r) =
1
2
< r2 > (d2V3g(r)/dr
2 +
2
r
dV3g(r)/dr) . (18)
Results on T2g(q) and T3g(q) are given in fig. 2. Although in many cases the confinement
potential V2g(r) is much weaker than V
s,v
3g (r), this potential gives rise to a very pronounced
energy distribution. From these distributions all decay properties and branching ratios
can be deduced by calculating the overlap of T2g(r) and T3g(r) for all systems involved.
Intestingly, for mesonic qq¯ systems the confinement potential gives rise to a sharp peak
consistent with the experimental width, see the discussion in ref. [8], whereas the boson-
exchange potentials V3g(r) yield very wide structures, in the case of V
s
3g(r) a peak of ∼2
GeV width for J/ψ and ∼70 GeV width for the top system.
——
Applications of the present formalism have shown that hadrons are well described as
states bound by electric forces, see ref. [3, 8], whereas leptons represent systems bound
by magnetic forces, see ref. [9]. This underlines the inherent symmetry of electric and
magnetic forces in Maxwell’s theory. These results confirm the general conclusion drawn
above that in the SM both the strong and weak forces are incorrectly assumed with too
many parameters. Concerning the strong interaction, confinement is a basic property
of all relativistic bound states, see fig. 1; therefore ’colour confinement’ in a theory of
the strong interaction is redundant, making a non-Abelian colour theory as quantum
chromodynamics (QCD) dispensable. With respect to the weak interaction, magnetic
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forces have been misinterpreted in the SM as heavy-boson exchange. Both, magnetic
and heavy-boson exchange forces give rise to similar properties, extremely small radii and
strength, but the latter requires further Higgs fields to make the theory gauge invariant.
Finally, there is no basis for supersymmetry: the flavour degree of freedom is characterised
in the present formalism by systems of different slope parameter b.
The implications are clear: apart from elementary fermion and boson fields all other
fields assumed in the SM are unrealistic. This excludes colour, heavy boson, Higgs, su-
persymmetric and all other exotic fields. Consequently, the experimental states W±(80.4
GeV) and Z(91.2 GeV) have to be reinterpreted as (qq¯)nq and (qq¯)n states, respectively.
Actually, Z(91.2 GeV) has to be regarded [8] as low mass top qq¯-state, with a width
in agreement with experiment. Further, the new state5 with a mass of 126 GeV, discov-
ered [10] recently at LHC, has to be identified with a scalar qq¯-state (of p-wave structure),
found with exactly this mass, see ref. [8]. A second scalar qq¯-state is predicted with a
mass of 41 GeV, which should be found in high energy experiments.
A further strict consequence of the present formalism is that gravitation has to be under-
stood also by electromagnetic forces. Strong support for this conclusion comes from the
analysis of neutrinos, see ref. [9], indicating that a hierarchy problem between ’weak’ and
gravitational forces does not exist, if we assume that gravitation is due to magnetic inter-
actions of particles in matter. The present formalism excludes definitely dark matter in
form of exotic particles (the rotation of galactic systems, considered as the best evidence
for dark matter, has been well described in the present approach, see ref. [2]). Finally, the
present formalism has to be considered as the proper theory of quantum gravity. For more
detailed studies other solutions of the Lagrangian (1) may be needed, which go beyond
the evaluation of matrix elements.
In conclusion, by using general arguments the SM with its complex structure cannot be
considered as a valid theory of fundamental forces. The only method to find a correct
solution is to develop a complete and fundamental theory, which has no external param-
eters. Such a theory has been constructed, based on a second order extension of QED,
with the result that all elementary forces have to be described by electromagnetic in-
teractions only. Apart from basic fermion and boson fields, the existence of all other SM
5misinterpreted as SM Higgs-boson.
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fields can be ruled out. In particular, supersymmetric particles and dark matter in form
of exotic particles do not exist.
For cosmology a new scenario arises: we have to conclude that the universe emerged out
of the absolute vacuum of fluctuating boson fields with average energy Evac = 0. During
overlap of two boson fields qq¯-pairs could be created, which have been confined to form
hadrons and leptons (for this process V2g(r) is of prime importance). By electric forces
neutral matter was created, which bound and compressed by gravitation to a dense cosmic
bound state. Above a critical density the largest part of matter annihilated (the detailed
mechanism have still to be worked out) and gave a big radial impact (Big Bang) to the
remaining matter, mainly in form of bound (p e−)-pairs, resulting in an expansion of
the system. By perpetual decrease of the binding energy of the cosmic bound state the
expanding matter gained and still gains extra momentum, leading in this way to an (ever)
increasing expansion of the universe, without dark matter in form of exotic particles.
After one century of modern physics with the development of very complex theories for
fundamental forces, it may be surprising that all basic bound states of nature with a strik-
ingly different phenomenology can be understood as stationary states bound by electric
or magnetic forces. However, this is in perfect agreement with the general rules of nature,
effectiveness and formal logic, by which complex systems should evolve from the simplest
structure (the vacuum) by the simplest possible mechanisms.
For fruitful discussions, direct help in the derivation of the formalism and general support
the author is indepted to many colleagues, with a list of their names given in a final
publication.
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Figure 1: General structure of boson density and potentials. Upper part: Relative in-
teraction vv(r) in comparison with the Coulomb potential (∼ 1/r) given by dot-dashed
line. Middle part: Boson density w2s(r) (dot-dashed line) and boson-exchange potentials
|V s,v3g (r)| given by dashed and solid lines, respectively. Lower part: Deduced confinement
potential V2g(r).
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Figure 2: Relative distributions of widths deduced for the confinement potential (upper
part) and the boson-exchange potential V s3g(r) (lower part).
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